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‘THE SEXOME’: IDENTIFYING UNIQUE MICROBIAL SIGNATURES IN MALE AND FEMALE 
PAIRINGS. 
1Natasha A Nye 
1Master of Forensic Science Post Graduate Student, Murdoch University. 
ABSTRACT 
Sexual assault is a common, albeit difficult crime to for accurate data capture accurate data. 
Sexual assault can be reported to specialised clinics that observe, collect and record samples 
in the form of Early Evidence or Full Forensic Kits. These kits are designed to collect biological 
evidence from the victim with the hope that some, if any, DNA of the perpetrator is left behind. 
Males who have been vasectomised, or whose seminal fluid possess azoospermic or 
oligospermic qualities will seldom leave behind the biological fraction required for methods 
like differential extraction. As such, studies have moved towards examining the human 
microbiome as a means for profiling unique bacterial signatures in individuals. Microflora are 
known to differ all over the human body and harbour specific taxa surrounding different sites. 
The human skin microbiome is a particularly flourishing medium for numerous phyla of 
bacteria, detailing specific phyla on its sebaceous, moist and dry parts. While the male 
urogenital microbiome is linked to properties of the skin microbiota, it has its own bacterial 
signature that may coincide with some vaginal flora, potentially linked to causing a condition 
called bacterial vaginosis. The vaginal flora is home to predominantly Lactobacillus taxa which 
regulates vaginal pH and health. Human microbiome studies could uniquely identify male and 
female bacterial signatures and their potential for cross-over following sexual intercourse. This 
could benefit research where sexual assault has occurred where no male DNA is detected.  
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1. INTRODUCTION 
 
Sexual assault is defined as an act of sexual nature that occurs without the consent 
of the other party (1). Typical sexual assault actions include, but are not limited to: rape; 
sexual abuse; unwanted sexual advances or harassment either in the home, workplace or 
elsewhere and; being forced into sexual interaction due to intimidation of resulting actions 
that may include further violent or emotional abuse (1). Sexual assault is an exceedingly 
common welfare issue that can have long-lasting physical and emotional effects on an 
individual (1). As of 2019, the Australian Institute of Health and Welfare (AIHW) reported 
that between 25 – 53% of men and women respectively will experience unwanted sexual 
advancement or sexual gesture in their lifetime (1). Of these statistics reported, members 
who are children or young women fall into the category of most vulnerable and are more 
likely than any other group to experience some form of sexual abuse (1). Sexual assault also 
represents one of the most underreported crimes across men, women and children which 
makes it a challenging statistic to address (1).  
 Sexual assault resource centres are suitably able to address and inform those who 
have experienced sexual abuse (2). The Sexual Assault Resource Centre (SARC) is one 
particular clinic located in Perth, Western Australia that offers emergency services, 
counselling services and advice and training for professionals (3). The SARC is able to provide 
advice and the most appropriate lawful actions if individual’s affected choose to pursue this 
pathway (3). These specialised clinics are also proficient in the collection of biological 
evidence in the form of Early Evidence Kits (EEK) or Full Forensic Kits (FFK) (2). These kits are 
designed to collect blood, saliva, urine and vaginal fluids for the detection of spermatozoa, 
as well as other potentially transferred pathogens or disease (4). As outlined in Table 1, these 
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kits are quite extensive to improve the chance of discriminating between male – female 
biological fractions collected (4). Studies suggest that timely reporting and collection of 
biological samples yield a higher chance of producing a prospective DNA profile of an 
offender (4). Subsequently, delayed reporting can significantly reduce the likelihood of 
detecting spermatozoa which could in turn delay potential criminal proceedings (4). The FFK 
produces an approximately 50% chance of detecting spermatozoa within 48 hours of 
reporting (4). The EEK reports less so with an approximate 40% chance of detection from 
samples collected (4). Collection by both techniques delivers the highest chance for 
detecting spermatozoa, though the invasive nature of the tests can prove time consuming 
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Early Evidence Kit (EEK) Full Forensic Kit (FFK) 
Oral swab and smear Oral swab and smear 
Oral rinse Oral rinse 
First void urine First void urine 
Vulval gauze wipe and smear Vulval gauze wipe and smear 
Perianal gauze wipe and smear Labial swab and smear 
Other (e.g., skin swabs, tampons, sanitary 
pads) 
Low vaginal swab and smear 
Blood for toxicology High vaginal swabs and smear 
 Endocervical swabs and smear 
 Vaginal speculum swab and smear 
 Perineum swab and smear 
 Perianal gauze wipe and smear 
 Perianal swabs and smear 
 Anal swabs and smear 
 Rectal swabs and smear 
 Proctoscopy and smear 
 Other (e.g., skin swabs, tampons, 
sanitary pads) 
 Blood for toxicology 
Table 1. Early Evidence Kit and Full Forensic Kit specimen comparison (4). 
 
As previously mentioned, the probability of detecting spermatozoa in an EEK or FFK 
significantly decreases over a 48 – 72-hour period. As shown in Table 2, detection thereafter 
is less than 10% (5). This indicates that reporting sexual assault within a 0 – 48-hour 
timeframe is crucial to precede the chance of having a reportable outcome by means of a Y-
STR profile (5, 6). Sexual assault clinics also imply the importance of capturing previous 
assault history and improve sample collection confidence by individualised packaging, 
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proper sealing, correct labelling and timely signatures of packages to ensure appropriate 








0 – 6 367 943 38.9 
6 – 12 265 746 35.5 
12 – 18 162 464 34.9 
18 – 24 127 493 25.8 
24 – 48 116 410 28.3 
48 – 72 13 208 6.25 
72 – 96 5 79 6.33 
96+ 1 52 1.92 
Table 2. Persistence of spermatozoa at different time intervals (hours) (5). 
 
1.1. Current detection methods 
Current methods for the detection of male biological fractions are most effective if 
there is sperm available in the seminal sample (8). Sperm differs from semen in that it 
contains the cellular portion of the emission where the Y-chromosome resides (8). 
Differential extraction is the currently practiced method for separating and interrogating 
male and female profiles from mixed intimate samples(9). Differential extraction involves 
isolating epithelial cells from sperm cells in a cellular mixture to interpret each individual 
DNA profile (9). The process involves preferentially breaking open the female epithelial cells 
within an SDS/proteinase K mixture(9). Spermatic fractions are subsequently lysed by a 
treatment with SDS/proteinase K/dithiothreitol (DTT) mixture and separated from the 
epithelial cells (9). Specifically, the ‘Y’ chromosomal fraction of spermatozoa is what allows 
the test to function and extract the male biological component from a mixed sample (10).  
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While differential extraction is the ‘gold standard’ for the detection of seminal 
samples, it will inevitably produce negative results for male individuals who have been 
vasectomised, or whose sperm is azoospermic or oligospermic (8). Azoospermia is semen 
that contains no sperm, meaning the genetic fraction of semen is absent (8). Similarly, 
oligospermia is the reduction of sperm cells within semen (8). Reduction in sperm count, or 
absence of sperm means the ‘Y’ chromosome cannot be, or can be difficult to profile in DNA 
mixtures (8, 11). Additional factors that contribute to the deterioration of DNA recovered 
from post-coital samples include use of contraception, or if a woman was menstruating at 
the time of the assault (12). Furthermore, the natural cervicovaginal environment attributes 
to sperm degradation over time (13). Sperm loss following intercourse is subject to 
degradation by the vaginal lavage, whereby the vagina works to lyse sperm with its own 
cavity “wash” (13). Therefore, prompt collection has been determined as the most effective 
method for the potential detection of male biological fractions (14). This was reported in a 
study whereby collection hours after intercourse had occurred meaning cells had undergone 
minimal lysis and could be optimally detected (14). The longer the samples were left meant 
additional confliction by the female portion which degraded semen in the collected sample 
(15). As a result of this study, research is moving toward studying and identifying unique 
microbial signatures in the human microbiome, rather than solely relying on the presence 
of spermatozoa (16).  
 
1.2. Forensic Significance 
Detecting the presence of spermatozoa is pivotal to a sexual assault in forensic 
investigations (16). In the field of forensic science, there is an inherent expectation of 
Page 16 of 84 
finding semen following an event and it being evidentially crucial for identifying 
perpetrator DNA profiles (17). Specific cases where reporting is delayed results in 
significant seminal degradation, which can be due to a number of factors after a rape has 
occurred (9). Examples where ejaculation has not occurred following penetration can 
considerably discourage or deter victims from the reporting process (9). Since there has 
been no sperm deposited, victims can believe there is nothing that can be done since 
there is no physical “evidence” that it has occurred (9).  
However, quite often in sexual assault genital injury can occur and can contribute 
to an altered, unique bacterial profile or vaginal microflora by agitation of the typical 
microflora (18). Recent studies have thus reached out to identify other means of profiling 
individuals, such as examining the human microbiome (19). The human microbiome and its 
associated unique microbial profiles can provide an alternative to the reliance of finding 
spermatozoa in sexual assault cases (19). This could infer huge potential for future 
microbial studies due to ability of bacteria to remain robust and less subject to 
deterioration over time (19). Therefore, human microbiome combined with sexual assault 
samples collected could form a strong platform for the ability to uniquely identify male and 
female bacterial signatures and their potential for cross-over following sexual intercourse.  
 
2. THE HUMAN MICROBIOME 
 
The human microbiome is a complex and rich environment composed of a diverse 
profile of millions of bacterial and fungal species (19). These unique microbial communities 
are characterised by their metagenomic and metabolic diversity and categorised based on 
their taxonomy (20). The taxonomic species vary in distinct body sites and considerably 
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influence the human physiology (20). The human bacterial microbiota undergoes significant 
changes from birth and exist for every facet, indicating types of environments individual 
have come into contact with, as well as predication for disease, distinguishing ethnicity and 
the possible determination of biological sex (20). Since distinct bacterial populations exist all 
over the body, human microbiome studies have looked at capturing the ability of site-
specific identification (21). This would present a new and exciting possibility to link 
individuals to crimes within a forensically relevant environment or even to another 
individual (21). Research has determined that there is the potential to identify a single 
individual within a large population based on their microbial fingerprint and metagenomic 
tags (21). The idea that microbial fingerprinting could distinguish sex, ethnicity and 
environment, while potentially associating criminals to victims based on their bacterial 
profile would be an incredible leap forward in forensics, and in relation to heinous sexual 
crimes.  
 Bacterial sequencing platforms like Next Generation Sequencing (NGS) has allowed 
for the expansion of the human microbiome studies with the potential to form a significant 
population-wide bacterial database (21). NGS has been widely applied to human 
microbiome studies and utilises mitochondrial DNA (mtDNA) and can be used when samples 
have been significantly degraded (21). NGS applications have reduced costs and increased 
the capabilities within the field of forensics and have continued to expand over the last 
decade (21). It has enabled researchers to profile hundreds to thousands of DNA samples 
simultaneously which has significantly increased the diverse coverage and phylogenetic 
resolution of bacterial populations (21). Human bacterial microbiomes have been 
deciphered at length due to NGS and metagenomic applications (22). This method is able to 
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compare microbial ecologies by examining the types of environmental factors at different 
body sites and pathology of the diverse microbiome (22).  
 Integrating the human microbiome approach to detect and identify unique microbial 
signatures hinges on the small subunit ribosomal sequences combined with the 16S 
ribosomal ribonucleic acid (rRNA) gene sequence (21). The 16S rRNA gene sequence excels 
as a tool for profiling bacterial taxa and can be used to create a large database of bacterial 
signatures (21). The human microbiome can be characterised by examining the taxonomic 
distribution of bacterial species via targeted sequencing of the variable regions of the 16S 
rRNA gene (21). From this, microbial diversity has been shown to not only be distinct 
between individuals, but display extraordinary similarities in specific body sites (21). This 
means that bacterial population diversity is not as diverse as once thought and can possibly 
be an instrument for personal identification of individuals (21).  
 In relation to sexual assault, human microflora and the identification of specific 
bodily fluids can provide potential for linking criminal sexual acts (23). Since current tests to 
determine bodily fluids can be destructive, not sensitive or specific, there is an impetus to 
use mRNA and advance tissue identification specificity (23). However, RNA is notoriously 
unstable due to ubiquitously present ribonucleases but can be stabilised if isolated (23). A 
study suggested that whole genome sequencing on aged samples using mRNA markers 
could stabilise these markers are able maintain stability over time (23). Therefore, whole 
genome sequencing would provide a useful tool for sequencing samples that have been 
delayed due to time constraints (23). The identification possibilities are coupled with its 
ability to be simultaneously extracted with multiple samples (23). Site specific genes for 
bodily fluids include: Statherin (STATH) and histatin 3 (HTN3) in saliva; Protamine 1 (PRM1) 
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and 2 (PRM2) in semen; and Human beta-defensin 1 (HBD-1) and mucin 4 (MUC4) in vaginal 
fluid (23). These genes create the potential to accurately identify bodily fluids and improve 
the mRNA multiplex system by applying these against microbial markers in penile skin 
samples and vaginal fluids (23).  
 Human microbiome studies have also examined unique bacterial signatures of the 
human skin as a means to identify individuals since the human skin is the largest organ of 
the body (19, 24). The human skin is made up of three main biogeographical sites that are 
sebaceous (oily), moist or dry (19). Distinctive bacterial species typically reside within these 
locations on the superficial surface of the epidermis or upper parts of the hair follicles (19). 
The two main types of bacterial functions of the skin microflora act as an exterior and 
interior, non-pathogenic interface that protects the human body from any harmful 
pathogens and external foreign microbial bodies (24). Mutualistic bacteria offer a significant 
benefit to the host by preventing transient pathogenic bacteria from entering the system; 
while commensal bacteria, co-exist to form part of the skin microbiota and are non-harmful 
to the host (24). A general classification of bacteria that reside on the human skin are 
categorised into taxonomic rank known as phylum, which then host the order, family, genus 
and species-level classifications (25). This taxonomic umbrella term hosts the vast number 
of unique bacterial species found on the skin microflora, which are found to exist under four 
main phyla in approsimate percentage abundance (25): Actinobacteria (51.8%), Firmicutes 




Page 20 of 84 
2.1. The Human Skin Microbiome 
The human skin microbiome and its associated microflora is colonised by a complex 
community of bacterial species that are predominantly gram-positive (26). These bacterium 
are affiliated by clone to a species or genus-level operational taxonomic unit (OTU) which 
indicate and classify species that are closely related (26). Human skin areas have been 
extensively tested and sequenced with approximately 22 bacterial phyla being identified 
(26). Almost all of these bacterium could be categorised under four general phyla; 
Actinobacteria, Firmicutes, Proteobacteria and Bacteroidetes (26). Each habitat is also 
known to harbour relatively stable sets of abundant taxa over a period of time (26). The 
spatial and temporal variability indicate there is no dominant phylotype distributed across 
the body at any one given time (26). Gram-negative types of bacteria, like Proteobacteria, 
are also found and represent a diminutive, though important component of the skin 
microbiota (26). 
 The human skin microbiome plays a critical role in immune defence and can be 
influenced by a number of intrinsic and extrinsic factors (27). The human skin microbiome 
has become a recent interest for studies as it precedes the potential ability to distinguish 
between males and females (27). To sequence the skin microflora, NGS is the most current 
method utilised to identify phylogenetic relationships and taxonomy with the 16S rRNA gene 
(28).  Propionibacterium species (spp.), Brevibacterium spp. and members of the 
Acinetobacter (gram negative) are encountered species of interest that are known to differ 
in OTU’s between males and females (27). Studies also further imply the use of pH values 
and sebum content to further disseminate between males and females (28).  
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2.1.1. Structure and Function of the Human Skin 
Being the largest organ of the human body, the human skin harbours a rich and 
diverse microflora throughout its various sites and has unique bacterium hidden in each 
exclusive niche (29). The human skin is composed of two layers, the epidermis and the 
dermis (Figure 1) (24, 29). As seen in Figure 1, the surface of the skin is comprised of the 
epidermis, made up of keratinocytes that secrete keratin (29). Between the epidermis and 
dermis lies the basement membrane connects the basal layer of the epidermis and papillary 
layer of the dermis, tightly connecting the layers and facilitate epidermal metabolism (29). 
The dermal layer is composed of a papillary layer, where in between, contents like collagen, 
elastin and glycosaminoglycans are produce and provide flexibility, strength and hydration 
to the cutis. Macrophages and mast cells are found within the dermis that act as the host 
defence (29).  
 Further to the skin composition; hair, nails, sweat glands and sebaceous glands are 
specialised skin appendages that function differently(29). Nails and hair are composed of 
keratin while hair usually is coated in sebum, secreted from sebaceous glands attached to 
hair follicles (29). Two types of sweat glands are located in a deeper layer of the dermis 
which are responsible for normal, eccrine sweat glands and protein-rich apocrine sweat 
glands which harbour odour and develop bacterial growth (29). Human skin acts as a 
physical barrier between external environmental influence and protects the host from 
foreign pathogens (29). It also functions to insulate and regulate temperature while allowing 
for sensation and synthesis of important vitamins (29).  
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Figure 1. Simplified diagram of the human skin. The epidermis is the superficial layer of the 
skin, followed by the dermis. Each layer provides a different element of protection, which 
is ample with the production and maintenance of health bacterial organisms (29).  
 
The ecology of the skin is colonised by sophisticated microorganisms immediately 
after birth and continue to develop and change throughout the lifetime (29, 30). Factors like 
genetic diversity, the individualised characteristics of each skin site, like thickness and 
properties linked to ageing all have an integral role in its ecology (29, 30). Multiple factors 
influence the various environments surrounding the skin and therefore its independent 
microbial communities (29, 30).  
 
2.1.2. Bacterial Composition 
The bacterial composition of the human skin consists generally of four main phylum 
of bacteria which house a number of species of bacterium (29, 30). The microbiota consists 
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of not only bacteria, but eukaryotes and viruses located on the superficial layers of the 
epidermis, tracts of glands and the surrounds of hair follicles (29). The relationship between 
the host and its microorganism is defined as a ‘mutualistic symbiosis’ that is designed to 
mutually benefit the host by specific protection mechanisms (29). Over 200 genera of 
bacteria reside on the human skin, which can be dived between the four phyla listed below 
(29).  
Actinobacteria 
The most prevalent phyla of bacterium (29). It is mostly comprised of gram-positive bacteria 
that contain a rich guanine-cytosine (GC) content. It includes dominant genera like 
Propionibacterium, Corynebacterium, Mycobacterium, and Streptomyces among others 
which propose to be 51.8% of bacteria sequenced around the human skin (29). They are 
most abundant around the sebaceous (oily) sites of the skin (29). 
Firmicutes 
The second major phylum of bacteria is Firmicutes which are also abundant in gram-positive 
organisms with a low GC content compared to Actinobacteria (29). The most common genus 
under Firmicutes is Staphylococcus, followed by Streptococcus, Clostridium, Bacillus and 
Lactobacillus (29). They are more dominant on sebaceous sites than drier sites (29).  
Proteobacteria 
The third major phylum contains gram-negative organisms and have a highly diverse genera 
and are typically found on dry areas of the skin and are generally non-pathogenic (29). 
Typical bacteria within this phylum include Acinetobacter and Escherichia coli.  
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Bacteroidetes 
The smallest phylum, Bacteroidetes, is composed of nonsporeforming, anaerobic or aerobic 
gram-negative bacteria. It is represented in small quantities on the human skin as its major 
role is in the human gut (29).  
 
 Since the number of bacteria on the human skin is numerous, there is apt 
opportunity for it to transfer and distribute extensively upon touch (31). Bacteria are highly 
resistant to outside influences (31). They are impervious to environmental stressors like 
moisture, temperature and UV, so it is likely to persist on surfaces for prolonged periods of 
time (31). This inherent trail of skin-associated unique bacteria has been shown to be linked 
to individuals on objects that have been used over the course of an individual’s daily actions 
(31). Bacterial “fingerprints” can be infinitely useful for forensic identification in the event 
there are no other obvious biological traces left behind (31). With the appropriate 
sequencing tools, these unique signatures could be used to identify individuals and can, at 
minimum, give temporal evidence to the scene (31). As mentioned, studies have applied 
such techniques that have allowed to identify donor by their geographical location and sex, 
as well as provide individualised profiles (32). The examination of the relative abundance, 
represented in OTU’s, of bacteria found between sexes indicated that Corynebacterium, 
Staphylococcus and Alloiococcus displayed in higher abundance in male samples than in 
females(31). While not a completely definitive marker, it is a meaningful finding in the ability 
to be able to distinguish between male and female samples (31).  
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2.2. The Human Urogenital Microbiome 
The human urogenital microbiome is the housing for all commensal and mutualistic 
bacteria within and around the male and female genitalia (33). Males and females are known 
to have their own specific bacterial cultures and recent investigations have noted the effect 
of some penile bacterium and its influence on the vaginal microbiome (33). The ability to 
distinguish between such bacterium would improve sexual assault cases where seminal 
fluids or spermatozoa are not detected. Extensive research has followed the female 
urogenital tract and its ability to host and eradicate foreign bacterial invaders (34). Male 
urogenital studies are more minimal, but indicate the possibility for the detection of 
transient species across to the female urogenital tract, specifically in male – female 
monogamous pairings (34). While the lower reproductive tract of females is known to host 
significant levels of the Lactobacillus spp., male portions are external and display some skin-
related bacterium such as Staphylococcus and Corynebacterium (35).  
 
2.2.1. The Female Urogenital Tract 
The lower reproductive tract of females is home to a plethora of microbial organisms 
– communally known as the vaginal microflora or microbiome (34). The role of the vaginal 
microbiome is to maintain the normal floral bacteria which prevent disease, and maintain 
the overall reproductive health of women (36). In reproductive-aged women, vaginal 
microflora and its protective effect is likely due to the production of lactic acid and other 
antimicrobial systems (37). These systems are able to reduce the vaginal pH to make it 
inhospitable to other organisms, proving as a fundamental defence against pathogens and 
disease (37). The most predominant bacterial organism responsible for lowering pH are the 
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Lactobacillus spp. (37). Disruption of this regulatory flora and their microbial hosts can play 
a role in conditions such as bacterial vaginosis, vaginitis and thrush (37). Vaginal microflora 
also changes over the course of a menstrual period, while other endogenous and exogenous 
factors can also influence the vaginal microflora (38). Antibiotics, contraceptives, ageing, 
pregnancy, stress, altered oestrogen levels and sexual intercourse can alter vaginal 
microflora after which it attempts to revert its microflora back to normal following each 
event (38). Studies have implied that in menstruating women, concentrations of Gardnerella 
vaginalis are increased while exhibiting a decrease in L. crispatus (38).  
 As shown in Table 3, these bacterial genera are typically found in lower reproductive 
tracts of females, are present in various numbers, and are required for healthy a vaginal 
flora (39). Information surrounding the vaginal flora has flourished from culture-
independent, and to culture-dependent studies (39). Culture-dependent studies have 
provided insight to Lactobacilli as the prime regulator of vaginal health in concordance with 
a further array of bacteria that are present within the vaginal community (39). However, 
methods surrounding the detection of such bacteria cannot rely solely on culture-based 
methods since it is a technique that is unable to specify relative abundances, or OTU’s (39, 
40). Bacterial identification methods utilise the 16S rRNA gene to identify and define typical 
bacterial species in a population (39). Bacterium are usually classified as taxa based on 16S 
rRNA gene sequencing, enabling for the identification chartered as abundancies (39). The 
numerically dominant species are characterised in OTU’s, allowing for in depth analyses of 
bacterial community composition and dynamics within flora (39). The 16S rRNA gene has 
been able to identify species like Atopobium vaginae and G. vaginalis as indicators for 
bacterial vaginosis (39). Disturbances can lead to urogenital infections, particularly bacterial 
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vaginosis (39, 41, 42). While populated with bacteria, the vaginal microflora is also capable 
of distinguishing between females of different ethnicities and possibly further to an 
individualised level (39, 41). 
 




Dominant Lactobacilli spp. include: L. crispatus, L. iners, L. gasseri, and L. 
jensenii.  
Prevotella, Megasphaera, Sneathia, Atopobium, Streptococcus, Dialister, 
Lachnospira, Anaerococcus, Peptoniphilis, Eggerthella, Finegoldia, 
Rhodobaca, Anaerotruncus, Parvimonas, Staphylococcus, 
Corynebacterium, Veillonella, Gardnerella, Gemella, Mobiluncus, 
Ureaplasma, Peptostreptococcus, Bacteroides, Mycoplasma, 




Staphylococcus epidermis, Corynebacterium spp., Lactobacillus spp., G. 
vaginalis, Propionibacterium and Alpha-haemolytic streptococci, 
Sneathia, Gemella, Veillonella, Prevotella and Leptotrichia 
Table 3. Typical bacterial species found in healthy males and females discovered by 
culture-dependent and culture-independent methods. The male urogenital microbiome 
remains largely understudied compared to its female counterpart which exhibits extensive 
bacterial composition (39). 
 
Bacterial vaginosis is one of the most common urogenital tract infections that affect 
millions of women annually (39). It is caused by a reduction in the concentration of the 
endogenous vaginal microflora, specifically Lactobacilli (38). Also typical for bacterial 
vaginosis is the overgrowth of opportunistic bacteria like G. vaginalis and other anaerobic 
organisms (39). Onset of bacterial vaginosis has shown to be linked to levels of G. vaginalis 
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between intimate partners, sparking an onset following sexual intercourse given the shared, 
specific strains of the bacteria and high levels of detection of specific types between 
monogamous partnerships (refer to Figure 2 sited from (43)). This strongly suggests that 
bacterial transfer is possible between sexual encounters and can indicate that sexual 
intercourse between a male and female pair has occurred.  
 
Figure 2. Oligotype profile in one male-female sexual pairing where bacterial vaginosis is 
identified. The set on the left indicates a female profile, and the right is male. The largest 
(dark pink) portion represents shared G. vaginalis species between monogamous couples, 
indicating a strong correlation of shared bacteria between pairings and the potential for 
individual identification.  
 
2.2.2. The Male Urogenital Tract 
Compared to the vaginal microbiome, the male urogenital microbiome, or penile 
microbiome is largely understood (11). Developments of the identification of bacteria 
through the 16S rRNA gene have advanced the understanding of the male urogenital tract 
microbiota and its role in maintaining a healthy genital environment (44). The cells 
surrounding the shaft, foreskin, glans and the lining of the urethra may be in close proximity 
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to one another yet exhibit different bacterial profiles (45). The shaft of the penis is known 
to have heavily keratinised squamous epithelial cells that makes it impermeable to moisture 
(45). In contrast, there are less keratinised cells in the foreskin, and at the coronal sulcus 
(45). Surfacing the underlying glans involves a more skin-based feature displaying mucosal 
properties (45).  
Bacteria commonly detected in the penile microbiota are presented in Table 3, and 
indicate species such as Staphylococcus epidermis, Corynebacterium spp., Lactobacillus spp., 
and G. vaginalis (45, 46). Anaerobes are frequent within these male bacterial populations 
(45). Males who have been circumcised, (surgical removal of the foreskin), have shown 
reduction in the moisture of the coronal sulcus, which in turn promotes keratinisation (45). 
The urethra consequently becomes perpetually moist, covered in columnar epithelial cells 
and glands that secrete mucins and bacteriocins that support immunological processes (45). 
Penile microbiomes of males who are circumcised compared to those who are 
uncircumcised are known to be unique (47). More recently, there is an emerging trend that 
penile microbiota has epidemiological links between circumcision and the risk of sexually 
transmitted infections (STI’s) (29, 48). Circumcision appears to reduce the abundance of 
bacterial vaginosis-based bacteria, whereby uncircumcised males usually denote larger 
colonies of G. vaginalis and other associated taxa related to STI’s (47). These associated taxa 
decreased following circumcision in males, and replaced with less diverse aerobic species 
similar to skin-related taxa (49). This also occurs as a result of microbial transfer, coupled 
with sexual intercourse between partners and the dysbiosis of the vaginal microflora (29, 
48). This supports hypotheses that penile microbiota have significant ramifications for the 
susceptibility to infectious disease in men and women (11). The male penile microbiome is 
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largely under-studied and their effect on the vaginal microbiome holds promise for future 
studies for bacterial transfer. Interestingly, taxa identified corresponded to bacterial 
vaginosis-associated taxa detected in males, including similar species of Sneathia, Gemella, 
Veillonella, Prevotella and Leptotrichia (45).  
 
2.3. The Human Microbiome Project 
The Human Microbiome Project (HMP) is a population-scale project funded by the 
National Institutes of Health (NIH) designed to generate resources to characterise the entire 
human microbiome for a multi-population genetic database (50). The HMP has significantly 
improved both scientific and public recognition of the importance of a combined host health 
and bacterial profile development (50). It outlines the sheer size of bacterial microbiota, 
noting there are considerably more bacterial cells in the body than human cells (51). This 
project has combined a broad collection of scientific experts to explore various microbial 
communities and their hosts (50).  
All complementary analyses involve using the 16S rRNA gene sequence primers 515F 
and 806R and associated taxonomic profiles to sequence bacterial profiles (52). Correlations 
between host and bacterial phenotype of Western populations has indicated that there are 
number of relationships between bacterial profiles and host properties such as sex, age, and 
ethnicity (52). It hosts a huge replication for extended populations and could improve 
criminal profiling if the human microbiome becomes better understood (52).  
There is an inclination that bacterial transfer is possible with pilot studies finding 
there is an increase in bacterial taxa post-coitus (53). While FFK’s and EEK’s can be used to 
attempt to detect spermatozoa in mixed samples, instances where minimal male DNA has 
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been transferred proves exceeding difficult to move forward with criminal investigations 
(54). Samples such as these are complicated with a large presence of female DNA and there 
are also instances where specimens may be azoospermic, oligospermic or from 
vasectomised males (54). Human microbiome investigations could be the new field for 
forensic identification of individuals as personal microbiota tends to remain unchanged over 
time (30). This means there is potential for levels of inter-individual variability (30). It would 
provide useful when a full DNA profile is not available, and since bacterial DNA is much more 
stable due to its circular shape and bacterial wall and can therefore be detected for longer 
periods of time (30). Co-habituating couples have shown to exhibit up to 86% of shared 
bacterial taxa and can place potential for locational evidence as well (30).   
The HMP incites promising links in identifying unique bacterial profiles between 
populations and individuals (50). It would prove extremely valuable if the creation of a 
worldwide database signifying unique bacterial profiles between males and females in the 
event of needing to prove sexual contact (50). It could increase the incidence of reporting 
criminal acts like sexual assault with a defined bacterial population database which could 
indicate that the event had occurred where sperm is not present.  
The collation of a worldwide database would give the forensic scientific community 
the ability to search bacterial characteristics and trends throughout ethnicities and the 
separation of male and female urogenital microbiomes. Having a collated database would 
prove extremely useful to the scientific community who, combined with forensic 
investigations could identify unique bacterial signatures in instances where human DNA is 
not available or present in a crime scene due to degradational factors.  
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3. 16S RIBOSOMAL RNA GENE 
 
Methods for the investigation of microbiome studies can be either culture-
dependent or culture-independent (55). Culture-dependent studies rely on their metabolic 
and physiological requirements being reproduced in vitro where an artificial homogenous 
medium allows for the growth of a small fraction of the organisms (55). When needing to 
investigate bacteria and specific taxa, culture-dependent methods can offer erogenous 
results as it is unable to decipher complex communities and do not appreciate the full 
spectrum of bacterium (55). Culture-dependent methods can often supress, or allow for 
extrapolate growth of outcompeting species (55, 56).  
 Microbial population studies have circumvented this bias by involving a methodology 
that is designed around the 16S rRNA gene which has become a pivotal technique for 
bacterial identification using PCR-based detection of DNA extracted from bodily fluids (56, 
57). It is a culture-independent method that generates exceptional results based on its 
ability to quantitate and phylogenetically mark bacterial species (58). It is extremely ideal for 
bacterial profiling due to its slow rate of evolution, while functioning as a molecular scaffold 
that is capable of defining positions of ribosomal proteins (58). The hypervariable regions of 
the 16S rRNA gene are able to create a species-specific signature which aids in the 
identification of bacterial taxa (19, 58). The 16S rRNA gene is a component of the 30S small 
subunit, consisting of both conserved and variable regions (32), working by binding to the 
Shine – Dalgarno sequence, which increases ribosomal binding sites for bacteria (59). 
Initiation of protein synthesis is a result of the Shine – Dalgarno sequence binding upstream 
to the AUG start codon (59). The conserved region of the 16S rRNA gene makes amplification 
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possible, where the sequencing of the variable region allows for the discrimination of unique 
microorganisms, chiefly bacteria, archaea and microbial eukaryotes (32).  
It is a well-known gene for representing different ecotypes with differences in 
virulent properties, as well as other phenotypic traits (59). The sensitivity of the 16S rRNA 
gene is limited, however is specific showing that one nucleotide difference indicating an 
ecologically different strain (59). To target the conservative regions of the 16S universal PCR 
primers can be designed, making it possible to amplify genes in a wide range of bacterial 
microorganisms from a sample (32).  
 The 16S rRNA has become a widely used tool for the identification of bodily fluids, 
namely in identification of the human microbiome (60). Characteristics that make the 16S 
rRNA gene a suitable ‘barcode’ include its ubiquitous presence (61). The 16S rRNA gene is 
approximately 1,500bp long which makes it a suitable length for sequencing (61). Its genetic 
variation found among prokaryotes can be adequately used in phylogenetic analysis, making 
it ideal in the identification and comparison of taxonomic ranges (61). It has an advantage 
for NGS-based short read sequencing due to its conserved regions used as binding sites (61). 
It also holds the unique ability to determine newly identified strains of isolated bacteria, 
making it a powerful tool moving forward with microbial studies (61). As indicated in Table 
4 below, the sequencing variation between the 16S rRNA gene over nine variable regions 
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Primer name 



















Table 4. Forward and reverse primers (left) of the 16S rRNA gene and their sequences 
(right). 
  
Further to this, the variable regions are outlined in Figure 2 below show the ideal regions for 
sequencing analysis with the 16S rRNA gene and its suitable forward and reverse pairings 
for use with the NGS platforms (62). These paired primers are useful in a variety of human 
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microbiome studies and are quick and cost-effective for research (62). The 16S rRNA gene 
has become the ‘gold standard’ for bacterial genomic sequencing, populated throughout 
the most recent studies involving the human microbiome for its extraordinary ability to 
simultaneously sequence bacterial samples (62).  
 
 
Figure 3. Primer sets for Next Generation Sequencing platforms. Each variable region (V1 – 
V9) work best with specific NGS systems and are able to accurately identify and profile 
bacterial species (62). 
 
3.1. Bacterial DNA Sequencing and Next Generation Sequencing 
NGS is the ideal sequencing platform in utilising the 16S rRNA gene for elucidating the 
bacterial community structure, as it is capable of eliminating typical E. coli cloning, allowing 
for high throughput bacterial DNA sequencing (62). Suitable pairs of PCR primers along the 
16S rRNA gene should be used with NGS sequencing. Recommended sequencing formats 
for Illumina systems are shown in Table 5 (63).  
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NGS Systems 16S region PCR primers Estimated size 
Illumina MiSeq V3 – V4 341F & 805R 428bp 
Illumina iSeq 100 V4 515F & 806R 252bp 
Illumina HiSeq V4 515F & 806R 252bp 
Table 5. Recommended PCR primer pairings for the NGS Illumina Systems for use with the 
16S rRNA gene variable region (63). 
 
Current systems that fall under the NGS category are the Illumina sequencing 
platforms (64). Illumina sequencers yield the capability to sequence a whole genome, 
making analysis of microbial diversity simple and cost effective (64). Whole genome 
sequencing is the ostensible process of determining a complete DNA sequence of an 
organisms genome in a single process (64). It is largely a research tool, beneficial for the 
sequencing of specific genomes the human body may possess (64). It is capable of 
sequencing within a reasonable timeframe (days), making genomic studies a faster process 
in experimental studies while keeping the cost low (64).  
 
3.2. Applications in Human Microbiome studies 
The 16S rRNA gene and its ability to sequence variable regions makes it the 
reasonable choice to profile the human microbiome, and identifying specific biomarkers 
around the body (62). Specifically, the 515F/806R primer set allows for the amplification of 
bacteria with a focus on the vaginal and penile microbiomes (65). These primers involve 
clustering methods to overcome sequencing error and combine pair-end reads (66). The 
primer set 515F/806R allows for shorter amplicon lengths, analyzing specific regions of the 
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16S rRNA gene, capturing genetic diversity of the bacterial population (66). Choosing specific 
regions means microbiomes of the skin and urogenital areas can be optimized (66).  
While NGS and use of the 16S rRNA gene cannot replace usual methods of collection 
and analyzing typical biological evidence deposited at a scene, it can add a complementary 
level of analysis (64). This could occur when there are minimal to no traces of biological 
evidence left at a crime scene (64). Bacterial populations have already shown that they are 
able to persist in environments post-deposition (64). Studies utilizing the 16S rRNA gene 
coincide with the values of the Human Microbiome Project where it analyses and reports on 
the various contributed bacterial components (67). Microbial forensics would become 
adjunct to criminal investigations in the event of ‘biocrime’ (64). This includes incidents in 
sexual assault where typical biological evidence is not available (64). Present studies should 
permit valuable advancements in forensic identification as an alternate means for criminal 
profiling (64, 67). Metagenomic studies seek to acquire a decent set of microbial genomes 
present in any given environment, with any given population (64, 67). Culturing on common 
media provides limited recovery of bacterial variety, identifying approximately 0.1 – 1% of 
all totally available bacteria (64, 67). Therefore, culture-independent methods progress the 
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4. EXPERIMENTAL DESIGN 
 
1. Compilation of male and female-specific self-sampling/collection kits with 
instructions of how and when to sample and additional information as required.  
i. Instructions for females will be mirrored from the Path West Laboratory 
Medicine WA Low Vaginal Swab (LVS) Patient Instructions to obtain the DNA 
source(68).  
ii. Penile swabs will follow an independently determined swab technique of the 
glans and shaft to gather the DNA source.  
 
2. Anonymous sample collection from a third party. The third party will collect and 
preserve LVS from volunteer females, and shaft and glans samples from volunteer 
males and stored in a laboratory refrigerator at Murdoch University. 
 
3. Extract bacterial DNA samples using PureLink™ Microbiome DNA Purification Kit 
following standard operating procedures(69).  
 
4. Quantitate DNA samples using a Qubit® Fluorometer with a Qubit™ dsDNA HS Assay 
Kit (100 assays) following standard procedures from the Qubit® Fluorometer 
instruction manual(70).  
 
5. DNA sequencing using the Illumina Nextseq sequencing methods per standard 
instruction manual procedures(71).  
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5. EXPERIMENTAL AIMS AND OBJECTIVES 
  
This experiment aims to identify unique microbial signatures specific to the male and 
female reproductive microbiomes prior to sexual intercourse. This research also anticipates 
that there may be potential for identification of unique bacterial signatures from male and 
female genital microbiome transfer after sexual intercourse between monogamous, 
heterosexual pairings. This is a novel research project that may have significant implications 
in the apprehension of offenders of sexual assault where there is no male ejaculate or 
spermatozoa present, and therefore an absence of perpetrator DNA. The objectives of this 
research are as follows: 
i. To identify and develop methodological extraction testing for the presence of 
bacterial species in intimate swabs 
ii. To evaluate a cross-over of vaginal/penile microbial flora post-coitus using bacterial 
DNA profiling post-extraction 
 
The following hypotheses intend to be addressed in the experimental study: 
H1: That microbial flora, identified by 16S sequencing, differs between male and females in 
self-collected samples in couples 3 – 10 days abstaining from sexual relations (including 3 – 
4 days post-menses) when taken from low vaginal swabs, and shaft and glans swabs.   
 
H2: That microbial flora, identified by 16S sequencing, following consensual of the same male 
and female pairings from H1, will result in microbial transfer following self-collected samples 
6 – 12 hours post-coitus taken from low vaginal swabs, and swabs from the shaft and glans 
of the penis.  
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6. CONCLUSION  
 
Future human microbiome studies have significant potential to determine unique bacterial 
signatures between male and females. Where a sexual assault has occurred and there is no 
evidence of ejaculate or spermatozoa, bacterial profiles could potentially indicate sexual 
intercourse has occurred by unique bacterial transfer via analysis of the male and female 
urogenital microbiomes. The ability to distinguish between male and female fractions in 
mixed DNA samples hinges on time of reporting. Since spermatozoa is subject to 
degradation immediately following deposition, rapidly declines following a 0 – 48-hour 
window, and significantly more so 48 hours post-event. If reporting is delayed, further 
techniques for detection need to be identified.  
The applicability in forensic investigations for the ability to evaluate bacterial DNA is 
would prove extremely useful as bacterial samples are typically more robust and resilient to 
storage over time(72). Bacterial samples are comprised of resilient gram-positive and gram-
negative bacteria, which are characterised by thick, durable walls in their cell structure(72). 
Specifically, gram-positive bacteria have a thick cell wall which makes it difficult for lysis and 
thus biological degradation(72).  
 NGS and the 16S rRNA gene have the extraordinary potential to generate personal 
identification through bacterial profiling of individuals and have the prospect to distinguish 
between males and females. Specifically, the 515F/806R primer sets would prove most 
suitable for analyzing the male and female urogenital. Future bioinformatic studies 
surrounding the male and female microbiomes would be pivotal research in relation to 
sexual assault cases and the high potential to transfer bacteria DNA after a sexual encounter. 
It is anticipated that the gaps in this research can be occupied with human microbiome 
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studies as a multidisciplinary approach to data collected and visualisation to grasp its full 
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4. Abstract 
Sexual assault casework typically involves analysis following the collection of a vaginal 
sample. The presence of spermatozoa in a vaginal sample exhibits as viable proof that a 
sexual act has occurred. Profiles can be obtained from the sample mixture, but quality of 
the DNA is subject to degradation over a period of time, or be completely absent from a 
mixed sample due to azoospermic or oligospermic offenders, or use of a condom. Microflora 
are known to differ all over the human body, and can harbour specific types of bacteria 
surrounding different sites. The aim of this study is to examine the urogenital microbiome 
of male-female pairings to identify unique bacterial signatures, and if these signatures 
transfer following intercourse. For this study, consensual heterosexual couples participated 
sampling prior to, and post-coitus. The samples analysed identified unique male and female 
populations of bacteria, and evidence of their transfer post-intercourse in small, but 
detectable frequencies. Not only was there transfer detected in male to females, but from 
females to males. While human microbiome research is in its relative infancy, future studies 
should be conducted to understand and discriminate the male and female microbiomes. 
Additionally, future studies could improve the capability of detection of male bacteria in 
female sexual assault victims, fundamentally resulting in enhanced profiling methods and 
confidence for females in reporting sexual assaults.  
 
5. Keywords 
Sexual assault, spermatozoa, microbiome, bacteria, forensic science 
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6. Introduction 
6.1 Sexual assault caseload reporting 
Sexual assault is a challenging matter to address as it is significantly underreported in the 
female population (1). In 2019, the Australian Institute of Health and Welfare (AIHW) 
reported that 53% of women will experience some form of sexual assault or harassment in 
their lifetime (1). Research suggests that women are less likely to report incidences of sexual 
assault for fear of not being believed, feelings of shame or embarrassment or a perception 
that there is not enough evidence to support their claim (2). There are also cases where the 
offender is a family member, and the perceived guilt that would follow if the victim was to 
pursue with a criminal charge (2). 
Sexual assault caseload analyses primarily involve the collection of a vaginal sample 
from a female victim typically in the form of Early Evidence Kits (EEK) and Full Forensic Kits 
(FFK) (3, 4). Once analysed, the presence of spermatozoa in the vaginal sample, if detected, 
exhibits as viable proof that a sexual act has occurred (5). Male profiles can be obtained from 
the sample mixture given the biological male-fraction has not degraded over time (Table 1) 
(5). Biological male DNA can be absent from a mixed sample if the offender is azoospermic 
or oligospermic, or by use of a condom (5).  
The most common method for extracting and profiling biological DNA is differential 
extraction (6). It is, to date, the most effective method for separating and interrogating male 
and female profiles from mixed, intimate vaginal samples (6). However, this method relies 
solely on the fact that there is male biological DNA in the sample that has not been subject 
to degradation, or absent completely (6).  
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Table 1. Persistence of spermatozoa at time since intercourse (TSI) (hours)  (5). The 
percentage reported is chance of detecting a male-fraction from a mixed sample from TSI.  
TSI (hours) No. positive swabs Total no. of swabs Percentage (%) 
0 – 6 367 943 38.9 
6 – 12 265 746 35.5 
12 – 18 162 464 34.9 
18 – 24 127 493 25.8 
24 – 48 116 410 28.3 
48 – 72 13 208 6.25 
72 – 96 5 79 6.33 
96+ 1 52 1.92 
 
6.2 The human microbiome 
Efforts to seek improved methods to associate a male and female following a sexual 
assault would further assist in profile determination of an offender or at a minimum, identify 
that an act reported has occurred (7). Studies investigating the bacterial populations of the 
human microbiome have determined that the body is composed of a diverse profile of 
commensal and mutualistic bacteria, which differs at each site of the body (8). The ability to 
distinguish between the respective male and female microbiomes would prove 
extraordinarily beneficial to sexual assault cases where seminal fluids and spermatozoa are 
not present (9).  
 
6.3 Bacterial species in the urogenital tract in males and females 
Recent exploration into the female urogenital microflora has revealed specific types of 
bacterial whose purpose is to eradicate foreign bacterial invaders and provide a healthy 
bacterial equilibrium to maintain vaginal and reproductive health (10). The lower 
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reproductive tract in females is known to host significant levels of the Lactobacillus spp., 
while species in males can display general skin-related bacteria, such as Staphylococcus and 
Corynebacterium (11). Typical species within these male and female regions are referred to 
in Table 2 which denotes some possibly unique species detected by culture-dependent and 
culture-independent methods (12). The discovery of these potentially unique species may 
be able to indicate possible detection in mixed vaginal samples following intercourse (12). 
However, the potential to determine these transient species across monogamous pairings 
is largely understood (10, 13). The male urogenital microbiome also remains largely 
understudied compared to its female counterpart, which exhibits a bacterial composition 
that could offer forensic relevance in detecting transient species across male and female 
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Table 2. Typical bacterial species found in healthy males and females discovered by culture-
dependent and culture-independent methods (12). Those in bold indicate common bacteria 
across sexes.  
Typical bacterial species in the female and male urogenital regions 
Female urogenital bacteria Male urogenital bacteria 
Dominant Lactobacilli spp. include: L. 
crispatus, L. iners, L. gasseri, and L. jensenii.  
Prevotella, Megasphaera, Sneathia, 
Atopobium, Streptococcus, Dialister, 
Lachnospira, Anaerococcus, Peptoniphilis, 
Eggerthella, Finegoldia, Rhodobaca, 
Anaerotruncus, Parvimonas, Staphylococcus, 
Corynebacterium, Veillonella, Gardnerella, 
Gemella, Mobiluncus, Ureaplasma, 
Peptostreptococcus, Bacteroides, Mycoplasma, 
Enterococcus, Escherichia, Bifidobacterium 
Staphylococcus epidermis, Corynebacterium 
spp., Lactobacillus spp., G. vaginalis, 
Propionibacterium and Alpha-haemolytic 
streptococci, Sneathia, Gemella, Veillonella, 
Prevotella and Leptotrichia 
 
6.4 Detecting bacterial species with 16S ribosomal RNA gene 
The 16S ribosomal (r) RNA gene has a unique ability to sequence variable regions of 
bacteria and accurately determine the bacterial profile from sampled microflora (15). The 
515F/806R primer set allows the gene to analyse specific regions of the 16S rRNA gene, 
which can capture a diverse bacterial population (16, 17). Its ability to choose specific 
regions with sequences means populations within the urogenital microbiomes can be 
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6.5 Forensic significance 
Sexual assault caseloads often lack sufficient male DNA evidence, which can result in an 
inconclusive result and therefore a hinderance in identifying an offender (18). There is also 
a perception from victims that if spermatozoa is not deposited that nothing can be done due 
to a perceived lack of evidence (18). Therefore, the finding of alternative methods for 
establishing the parties involved in a sexual encounter would not only improve confidence 
in reporting sexual assault, but improve caseload investigations by identifying possible 
offenders with the establishment that the act has occurred.  
Examining the urogenital microbiomes of males and females has offered some evidence 
of differing species between males and females, but has not wholly determined unique 
bacterial species and their transience post-intercourse (19). Improving this method of 
sequencing bacteria would be timely in the assistance of sexual assault cases where a male 
biological DNA profile cannot be determined (13).  
 
6.6 Aim and hypotheses 
This study aims to determine unique bacteria within the males and female urogenital 
region, and if these unique species are detected in mixed samples following intercourse 
using the 16S rRNA gene via the following hypotheses: 
1. That microbial flora, identified by 16S sequencing, differs between males and 
females in self-collected samples 3 – 10 days abstaining from sexual relations 
(including 3 – 4 days post-menses) when taken from low vaginal swabs, and shaft 
and glans swabs.  
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2. That microbial flora, identified by 16S sequencing, following consensual relations 
of the same male and female pairings will result in microbial transfer following 
self-collected samples 3 – 12 hours post-coitus taken from low vaginal swabs, 
and swabs from the shaft and glans of the penis.  
 
7. Materials and Methods 
7.1 Collection of samples 
Bacterial communities were collected from male and female participants by male-female 
specific self- collection kits containing Copan (rayon) swabs and distilled water (males only). 
Instructions for females were mirrored from the PathWest Laboratory Medicine WA Low 
Vaginal Swab (LVS) patient instructions to obtain the bacterial DNA source (20). Penile swabs 
were instructed to be collected by an independently determined swab technique of the 
glans and shaft to obtain the bacterial DNA source. The couples were subsequently asked to 
independently obtain the DNA source prior to intercourse, and 3 – 4 days post-menses 
(females only). Following intercourse, participants were then asked to again independently 
swab 3 – 12 hours post-coitus to best capture possible transient bacterial profiles.  
A total of 10 couples participated in the study, 6 of which providing viable bacterial DNA 
for subsequent analyses. The participants ranged in ethnicities and their ages differed from 
22 – 30 years. Couples were also asked a series of questions relative to their habits during 
intercourse, including the use of lubrication and type of contraception used. Participants 
were also asked the types of underwear they typically wear and if they did or did not have 
any pubic hairs and type of hair removal, if any. Participants were also asked for any general 
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medical conditions and history. Once collected, samples were stored in a laboratory freezer 
at -20oC.  
 Each participant was made aware of the conditions of the study and gave written, 
informed consent. The project was approved by, and conducted in accordance with, the 
Murdoch University Human Research Ethics Committee Policies and Guidelines (Project No.: 
2019/145).  
 
7.2 Bacterial DNA extraction 
Bacterial DNA extraction was performed using reagents from the PureLink™ Microbiome 
DNA Purification Kit per standard operating procedures (21). There were 40 initial swabs 
used in extraction, 20 pre- and 20 post-intercourse from both males and females. These 
were combined with 800L lysis buffer, 100L lysis enhancer, 900L binding buffer, 500L 
wash buffer, 50L elution buffer and stored at -20oC. There were nil adjustments to the 
method of extraction. 
 
7.3 Quantitation 
Quantitation of the DNA samples were completed using a Qubit ™ dsDNA HS Assay Kit 
(100 Assays) following standard operating instructions for the dsDNA HS Assay (22). Samples 
were quantified by the Qubit 4 Fluorometer following standard operating procedures (23).  
 
7.4 PCR amplification 
PCR amplification of the quantified samples for metagenomic sequencing library 
preparation was developed from the Illuminia MiSeq System manual (24). Alterations made 
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were use of the GoTaq Green Master Mix (100 assay) combined with the 515F/806R 
(100M) diluted at a ratio of 1:100 to achieve 1M (Table 3). The master mix comprised of 
5L of each primer, 12.5L of the GoTaq Green MasterMix and 2.5L of microbial DNA per 
the manual’s procedure (24).  
 
Table 3. Details of the primers used in the PCR for according to the Illumina Miseq 
Sequencing System guidelines (diluted 1:100 to achieve 1M) (25). 
 Primer sequence 5’ to 3’ 
Forward Bacterial Primer (F515) 100M GTGCCAGCMGCCGCGGTAA 
Reverse Bacterial Primer (R806) 100M GGACTACHVGGGTWTCTAAT 
 
PCR amplification was conducted using the PCR Applied Biosystems ProFlex™ 96-
Well PCR System following manual instructions (24). The PCR was programmed for thermal 
cycling conditions of 95oC for 3 minutes, 30 cycles of: 95oC for 30 seconds, 55oC for 30 
seconds, 72oC for 30 seconds, 72oC for 5 minutes and held at 4oC (24). Cycles were further 
adjusted due to the initial read with 25 cycles unable to produce a clear strand output from 
the agarose gel electrophoresis.  
Agarose gel electrophoresis was conducted to view the PCR product and determine 
if there was ample DNA to sequence. Using an agarose mixture with GelRed, the samples 
were run at 90V for 50 minutes. It was determined that there were only 6 couples whose 
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7.5 Sequence database generation 
Twenty four bacterial DNA samples were sequenced using the 16S Ribosomal RNA Gene 
Amplicons for the Illumina MiSeq System and ran per standard operational instructions (26). 
A DNA library was sequenced per the Illumina MiSeq DNA preparation guidelines (27). 
The sequence database analysed using the Geneious 16S Biodiversity Tool to deliver 
operational taxonomic units (OTU’s) to identify bacterial profiles following manual 
guidelines (28). These were extracted as a frequency, and percent (%) frequencies of the 
total bacterial samples sequenced.  
 
8. Results and Discussion 
Given the novel approach of this forensic technique with the provided samples, 
consideration will need to be given in terms of the inability to provide replications due to 
limited resources. Further investigation into this research should include a larger population 
size, and scrutiny of replicates to determine a whole bacterial genome of each individual, 
rather than at a predominantly genus level. However, the MiSeq Illumina Sequencing System 
did provide scrutiny of samples to a species level which was critical in determining transient 
species across male and female couples.  
Twenty-four pools of DNA extracts obtained from the intimate samples ranging from 
2788 – 65922 frequency reads were used to analyse the urogenital microbiome of males 
and females pre- and post-coitus. After data processing, a total of 716,261 useful sequence 
reads were able to be reported, with male sequence reads (244,347) lower than females 
(471,914). As mentioned, these sequence reads could, at times, be determined down to a 
species level, with majority read at a genus level (Supplementary Table 1). There were 1367 
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different summary classification reads, of which 124 occurred with a frequency greater than 
1%. The latter 1275 sequences had a frequency less than 1%. This was examined across 
couples, with overlapping data and included unclassified matches.  
The data uncovered male-specific and female-specific types of microflora, as well as 
unique transient bacteria post-intercourse. As expected, common bacteria shared between 
sexes were those from the Lactobacillus spp. in relatively high frequencies in females from 
each couple (81.275% – 99.806%), with lower frequencies displayed within males (0.307% – 
98.297%). Another common genus, Limosilactobacillus, appeared across 5 of the 6 couples 
indicating frequencies less than 1%. (Supplementary Table 1). Across the common genera, 
males exhibited higher frequencies of Corynebacterium (0.096% – 64.143% in males; 0.007% 
– 10.894% in females) and Prevotella (0.012% – 24.078% in males; 0.003% – 0.650% in 
females), compared to their female counterparts. The Staphylococcus genus was also 
prominent across all male and female couples, demonstrating higher frequencies in males 
(0.003% – 5.256%) than in females (0.003% – 0.168%).  
 
8.1 Male microflora 
The 12 DNA pools specific to males prior to, and after intercourse totalled 244,347 
sequence reads. The typical male microflora emerged in higher abundance than females 
where 103 bacterial classifications being determined. At times, the bacterial classifications 
in males could be determined to a species level (e.g., Acinetobacter calcoaceticus/baumannii 
complex, Pseudomonas oleovorans/pseudoalcaligenes group Rhizobium Streptococcus 
anginosus group). Other common genera of bacteria noted across groups were Olegusella, 
Dermabacter and Actinotignum.  
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8.2 Female microflora 
From the data extracted, female participants only exhibited 14 specific types of bacterial 
classifications (over 471,914 sequence reads), likely due to the consistent maintenance of a 
healthy, steady microflora (10). The classified bacteria extracted could only be reported to 
a genus level with common genera across female participants exhibited by Mesorhizobium, 
Vulgatibacteraceae, and Anaeroglobus. Female samples examined typically exhibited an 
abundance of Lactobacillus, with frequencies greater than 90%. Further atypical bacterial 
presented in frequencies less than 1% (Supplementary Table 1).  
 
8.3 Unique male to female bacterial transfer 
There were 61 unique bacterial types identified that were specifically transient from 
males to females. Figures 1 – 6 each represent the frequency (%) of bacteria that occurred 
across each couple from the male participant to the female participant (male before and 
after; and female after). While the bacteria were more various than from female to male, 
the most common type transient bacteria from males to female’s post-coitus across 
samples were from the Porphyromonadaceae and Fusobacterium families. More typical 
genera across these figures was Sutterella, Casaltella and Olegusella. In order to best 
replicate tables, some bacterial frequencies do sit outside the measurable area, though are 
displayed in Supplementary Table 1. As expected, male bacterial types were unique in their 
transfer to females, as they were not detected in females in their pre-coital samples.  
Further studies should aim to more accurately refine the unique species of bacteria, 
rather than at a genus level which was determined in this study. Having a larger sample 
size would also help achieve this outcome as there would be more accurate data across 
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populations which could not be achieved in this study. Future studies should also 
endeavour to stringently sample males and females, as data was potentially lost due to 
possible incorrect sampling. As a result of incorrect sampling, 4 of the 10 couples had to be 
excluded from the study as the amplification results suggested there were not enough 
bacterial DNA to sequence.  
Research has continually approached the issue of sampling which could be better 
improved in future research with more stringent sampling and testing of more replicates 
to best capture bacterial diversity (5). Research tends to avoid stringent sampling in males 
as majority focus on the collection of seminal samples, rather than urogenital samples. 
Studies have also suggested that penile microbiota can interfere with healthy vaginal 
microflora, potentially causing types of bacterial vaginosis (29). Further research could 
assist in better understanding the relationship of male microflora and its effects in females, 
and vice versa.  
Additionally, samples discriminating between different ethnicities or socio-economic 
backgrounds could further assist in possibly profiling bacteria of individuals and groups. 
This research has been implied in novel approaches which have detected specific species 
between certain types of ethnicities (30). This is likely due to a diet and lifestyle which tend 





Page 69 of 84 
 
Figure 1. Male to Female Transfer of Bacteria’s in Couple 1. See Supplementary Table 1 for bacterial frequencies in couple 1 (red group ).  
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Figure 2. Male to Female Transfer of Bacteria’s in Couple 2. See Supplementary Table 1 for bacterial frequencies in couple 2 (orange group). 
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Figure 3. Male to Female Transfer of Bacteria’s in Couple 3. See Supplementary Table 1 for bacterial frequencies in couple 3 (black group).  
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Figure 4. Male to Female Transfer of Bacteria’s in Couple 4. See Supplementary Table 1 for bacterial frequencies in couple 4 (green group). 
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Figure 5. Male to Female Transfer of Bacteria’s in Couple 5. See Supplementary Table 1 for bacterial frequencies in couple 5 (blue group).  
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Figure 6. Male to Female Transfer of Bacteria’s in Couple 6. See Supplementary Table 1 for bacterial frequencies in couple 6 (purple group).    
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8.4 Unique female to male bacterial transfer 
Of the bacteria sequences, there were 14 types that were unique in transferring from 
female to male participants. Typical types across couples were from the from Neisseria and 
Clostridium genus. Figures 7 – 9 represent the frequency (%) of bacteria that transferred 
specifically from female to male participants in 3 of the 6 couples. Further research should 
investigate the possibility of more specific species that are transient from males to females 
in monogamous pairings. This could potentially produce more robust figures surrounding 
sexual assault in males, which is likely very underreported.  
However, overall females tended better with sampling, which lacked in their male 
counterparts. As previously mentioned, stringent sampling would better improve the 
replicability of the data. While female microflora has been extensively research, further 
research should be conducted to see the transient relationship between male and female 
microflora.  
Curiously, there were 61 bacterial classification types in males and females discovered 
post-coitus. This could suggest there are sex-specific bacteria produced, or infer that the 
use of lubricants and condoms, or other means of contraception could alter bacterial 
profiles in males and females. Further research would also benefit in assessing the effect 
of contraception on urogenital microflora. Ultimately, further studies should investigate 
the whole genome of male and female-specific microflora and their absolute transience 
between couples pre- and post-coitus, which this study attempted to achieve. While the 
results do indicate these relationships display unique microbial diversity and transience, 
the sample size could not wholly and accurately capture these down to a complete species 
level.  
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Figure 7. Female to Male Transfer of Bacteria’s in Couple 1.  
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Figure 8. Female to Male Transfer of Bacteria’s in Couple 2.  
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Figure 9. Female to Male Transfer of Bacteria’s in Couple 6.  
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8.5 Future research considerations 
Further research to determine timeframes of shared bacteria between couples, 
specifically how long these shared species persist over time would fundamentally benefit 
future microbiome research outcomes. Further to this, if methods are able to determine if 
there is such a timeframe where urogenital bacteria becomes uniquely male and uniquely 
female in their respective monogamous pairings. Furthermore, investigating how long 
shared species do actually persist in monogamous couplings would greatly assist in forming 
a timeframe, and if it is worth sampling after a sexual assault based on research 
surrounding an agreed, unambiguous timeline.  
There are also a number of factors present in relationships between males and 
females, including ethnicity and socio-economic status which would truly require an in-
depth investigation into understanding these unique bacterial relationships. Not only 
would there need to be a much larger sample size, but a sample size that truly reflects 




Despite the relatively small sample size, this pilot study did identify specific bacterial 
types that would be sufficient in determining male and female-specific bacterial, as well as 
transient bacterial populations in intimate samples. However, further research would need 
to determine more specific bacterial populations down to a species or sub-species level, 
which can be determined with more stringent analyses with refined molecular targets.  
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While human microbiome research is in its relative infancy, future studies should be 
conducted to understand and discriminate between the male and female urogenital 
microbiomes. The forensic significance in this advancing research area would prove 
significant for microbial profile technology and trace DNA implications in sexual assault 
caseloads. It would develop the scientific confidence in sexual assault caseloads to 
determine that the sexual act has occurred in the absence of male biological DNA in a mixed, 
vaginal sample where other avenues of an investigation have been exhausted. Additionally, 
future studies could advance the capability of detecting male bacteria in female sexual 
assault victims, ultimately resulting in enhanced profiling methods and confidence for 
females in reporting sexual assaults.  This could assist in capturing more accurate statistics 
of the perseverance of sexual assault and, more optimistically, deter the occurrence of 
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